Murraya microphylla is the most closely related species to M. koenigii (Curry tree). Inspired by the traditional effects of M. koenigii, the antioxidant, antiinflammatory, and cytotoxic activities of the essential oil and extracts of M. microphylla were evaluated for the first time. The light petroleum and chloroform extracts were found to be able to scavenge DPPH free radicals, inhibit linoleic acid peroxidation, and nitric oxide production, as well as to present cytotoxicity to the human cancer cell lines HepG2, Bel7402, Bel7403, and Hela, but the essential oil only showed moderate activities. Chemical analysis of the active extracts by LC-DAD-MS n indicated that carbazole alkaloids were the main constituents. GC-MS analysis of the essential oil resulted in identification of 91 constituents, representing 96.9% of the total oil, with (E)-caryophyllene (18.4%) and terpinen-4-ol (12.6%) as the major constituents. These results demonstrate that M. microphylla has similar biological activities, as well as chemical constituents to M. koenigii, and the carbazole alkaloids were disclosed to be the main potential active components. A promising development as a flavor and potential therapeutic agent could thus be predicated for this plant. . They have similar appearance, and the only differences are the leaf shape and the petal length. They are also classified in the same section of Bergera from the chemotaxonomic point of view because of the possible existence of carbazole alkaloids [4b]. Up to now, many carbazole alkaloids have been isolated from M. koenigii as main bioactive components [3b, 3d,4a,4c]. However, M. microphylla has scarcely received attention from scientific researchers, and there have been only two reports on its essential oil and methanol extract so far [5, 6] .
Murraya is a small genus of the family Rutaceae occurring in tropical and sub-tropical regions of Southeast Asia, China, and northeast Australia [1] . Whole plants of M. koenigii have been used as a folk medicine for their anti-inflammatory [2] , antibacterial [3a] , antioxidant [3b-d] , and pancreatic lipase inhibitory [4a] activities. The leaves of M. koenigii, also known as curry leaves, are widely employed as a flavor for foods and sauces in India owing to their ability to release a strong aroma while cooking. M. microphylla is the most closely related species to M. koenigii as recorded in the Flora of China [1] . They have similar appearance, and the only differences are the leaf shape and the petal length. They are also classified in the same section of Bergera from the chemotaxonomic point of view because of the possible existence of carbazole alkaloids [4b] . Up to now, many carbazole alkaloids have been isolated from M. koenigii as main bioactive components [3b, 3d,4a,4c]. However, M. microphylla has scarcely received attention from scientific researchers, and there have been only two reports on its essential oil and methanol extract so far [5, 6] .
The leaves of M. microphylla yielded 0.6%, w/w, (calculated on a dry weight basis) of a yellowish colored essential oil. Chemical analysis of the oil was conducted by GC-MS and the quantitative and qualitative results are presented in Table 1 . A total of 91 components were identified, accounting for 96.9% of the total oil. The essential oil was characterized as monoterpenes (48.5%) and sesquiterpenes (48.1%). Terpinen-4-ol (12.6%) was the prominent monoterpene, whereas, (E)-caryophyllene (18.4%) was the main sesquiterpene. The dichotomy between monoterpenes and sesquiterpenes for the volatile oil of M. microphylla shows similarity to that of M. koenigii [5,7-8b] . Extensive investigations [7, 8a,c] have reported that (E)-caryophyllene is responsible for the long lasting aroma of curry leaf. Pharmacological studies have also shown that (E)-caryophyllene possesses an anti-inflammatory effect [9, 10] . Our present results showed that (E)-caryophyllene is also a major component of the essential oil of M. microphylla, indicating that M. microphylla could be a new candidate for a promising natural aromatic spice.
In this study, the free radical scavenging activity and lipid oxidation inhibition by the essential oil and various extracts of M. microphylla were evaluated in vitro. The final IC 50 values of the essential oil, the various extracts, and the reference compounds are given in Table 2 . The antioxidant activity of the essential oil of M. microphylla was very weak, with an IC 50 value higher than 100 g/mL. This is similar to the results obtained by Mohan Rao et al. [3b] . The main reason could be related to the high content of sesquiterpene hydrocarbons contained in the oil [11] . The light petroleum (IC 50 = 7.7 g/mL) and the chloroform (IC 50 = 15.3g/mL) extracts showed better free radical scavenging activity than the other extracts (Table 2) . Additionally, the chloroform extract also presented a significant lipid oxidation inhibition activity (IC 50 = 9.1g/mL), while the other extracts only showed weak activities, with IC 50 values in the range of 33.880.7g/mL.
Besides their antioxidant and anti-inflammatory activities, the essential oil and extracts of M. microphylla were also assessed for nitric oxide (NO) production in lipopolysaccharide (LPS)-activated BV-2 microglia cells using the Griess reaction. The cytotoxic effect of the samples was first evaluated on BV-2 microglial cells to ensure that the manifested anti-inflammatory activity was not due to cytotoxicity. As a result, the essential oil of M. microphylla, along with the light petroleum and n-butanol extracts, were too toxic at the experimental concentration, thus the IC 50 values were not determined. Among the remaining fractions, as shown in Table 2 , the chloroform extract exhibited the most potent inhibition effect (IC 50 = 15.3 g/mL).
The cytotoxicities of the essential oil and the extracts of M. microphylla were determined against three human liver cancer cell lines (HepG2, Bel7402, and Bel7403) and one human uterine cervical carcinoma cell line (Hela) by using MTT assay. As can be seen from the high content of monoterpenes and sesquiterpenes, for instance, (E)-caryophyllene and terpinen-4-ol, which were reported to be cytotoxic to a number of cancer cell lines [12, 13] . The low-polar light petroleum and chloroform extracts displayed remarkable cytotoxic activities to these four screened cell lines, with IC 50 values in the range of 21.539.9 g/mL. However, the polar water, n-butanol, and ethyl acetate extracts only presented weak inhibitory effects (IC 50 > 100 g/mL).
The light petroleum and chloroform extracts of M. microphylla exhibited the best activities in all the above cases. Thus, a preliminary phytochemical analysis of these two extracts was conducted by using HPLC-DAD/ESI-MS n . Based on the UV and MS n fragment data, some of the main common chromatographic peaks were tentatively identified (Table 3) . Peaks 112 in these two parts were deduced as carbazole alkaloids according to their characteristic UV spectra with maximum absorptions at around 230 and 300 nm [14] . Further authentication of the given molecular ion peaks [M+H] + and the characteristic fragment ions resulted in the identification of them as murrayanol (1) [15] , koenigine (4) [16a] , kurryame (5) [16b], mukonicine/koenigicine (6) [16c,d], isomahanine/mahanine (7), koenimbine (8), girinimbine (9) , isomahanine/mahanine (10) [15] , bis-6-hydroxy-7-methoxygirinimbine/8,8''-biskoenigine (11) [6,16e] , and mahanimbine/mahanimbicine (12) [13, 16f] , while peaks 2 and 3 are still unidentified from the current data (Table 3 ). The losses of CH 3 , OCH 3 , and NH from the protonated molecular ions occurred commonly in most of the compounds. The fission of the isobutenyl group in 7, 10, and 12 and the cleavage of C8-C8'' bond in the dimer carbazole 11 were also observed.
It is obvious that carbazole alkaloids, which are reported to be contained in large quantity in M. koenigii, are also abundant in the low polar extracts of M. microphylla. As such, it can be concluded that these two genetically related species have similar chemical constitution and carbazole alkaloids are their major components.
In previous reports, the activity-guided isolation of antioxidants from M. koenigii afforded several active carbazole alkaloids, such as mahanine (7/10), mahanimbicine, and mahanimbine (12) 
Thus, the detection of the similar carbazole alkaloids from the low polar extracts of M. microphylla led us to believe that carbazole alkaloids are also the active components responsible for the notable antioxidant activities revealed by the low polar extracts of M. microphylla. Moreover, carbazole alkaloids have also been reported to have potent anti-inflammatory and cytotoxic activities [17] [18] [19] [20] , so it is no surprise to find the light petroleum and chloroform extracts of M. microphylla presented such activities.
In the present investigation, the antioxidant, anti-inflammatory, and cytotoxic capabilities of M. microphylla were firstly evaluated. All the experiments were designed on the basis of the traditional usages of M. koenigii, which is the species most closely related to M. microphylla. The chemical constitution of the essential oil and the active light petroleum and chloroform extracts were analyzed by Bioactivity screening and chemical constituent study of M. microphylla Natural Product Communications Vol. 10 (9) 2015 1633 GC/MS and LC/MS, respectively. The results showed that not only the pharmacological activities of M. microphylla resembled those of M. koenigii, but also a similar chemical composition was observed for their essential oils and crude extracts, indicating that M. microphylla has a good development prospect as a flavor, as well as a therapeutic agent like M. koenigii. Moreover, special attention should be paid to the carbazole alkaloids, which have been disclosed here to be the main active components responsible for the various biological activities of M. microphylla. Further isolation and activity validation of this type of compound are very necessary in the following work. 
Experimental

Isolation of essential oil:
The leaves of M. microphylla (50 g) were air-dried, ground, and then subjected to hydro-distillation for 6 h using a Clevenger-type apparatus. The resultant yellowish essential oil was dried over anhydrous sodium sulfate and the amount was measured (0.6% yield). It was then stored in a sealed vial at 4°C.
Samples preparation:
The air-dried and powdered leaves of M. microphylla (50 g) were macerated for 30 min with 50 mL of methanol and then refluxed thrice, each for 1 h (50 mL × 3). The filtrate was evaporated under reduced pressure at 45°C to give a residue of 391 mg, which was suspended in 100 mL of water and partitioned successively with light petroleum (50 mL × 3), chloroform (50 mL × 3), ethyl acetate (50 mL × 3), and n-butanol (50 mL × 3) to afford light petroleum (16 mg), chloroform (139 mg), ethyl acetate (46 mg), and n-butanol (75 mg) extracts, respectively, along with a remaining water extract (93 mg). All the prepared samples were stored at 4°C until use.
Essential oil analysis: GC-MS analysis was performed on a Thermo/Finnigan Trace GC-MS system equipped with a HP-5 capillary column (30 m  0.25 mm i.d., film thickness 0.25 m, crossbond 5% phenyl-95% dimethylpolysiloxane, SigmaAldrich). Analytical conditions: injector temperature 220ºC; injection volume 0.5 L with a split ratio of 1:50; the temperature was programmed from 80ºC (kept for 1 min), rising to 140ºC at a rate of 10ºC/min, then to 170ºC at a rate of 2ºC/min, and to 280ºC at a rate of 10ºC/min. Helium was used as the carrier gas at a flow rate of 1 mL/min. MS operating parameters: electron impact ionization at 70 eV with mass scan range of 50500 m/z and transfer line temperature of 240ºC. Identification of the constituents was based on comparison of the mass spectral pattern and retention indices (RIs) with those given in the literature [21] and NIST library. The RIs were calculated in relation to a series of n-alkanes according to van Den Dool and Kratz [22] . 
Anti-inflammatory activity:
The anti-inflammatory effect of the essential oil and extracts were examined according to their inhibitory effects on the production of NO in LPS-stimulated BV-2 microglial cells using Griess assay, as previously described [23] . Quercetin was used as a positive control. Cell viability was also evaluated by MTT assay.
Cytotoxic activity: HepG2, Bel7402, Bel7403, and Hela cells were obtained from the Cell Bank of the Chinese Academy of Medical Sciences (Beijing, China). The cytotoxic activities of the essential oil and the different extracts were conducted by using the MTT method, as described previously [24] , along with doxorubicin as a positive control.
LC-MS analysis of the active plant extracts of M. microphylla:
HPLC was performed on an Agilent Series 1100 HPLC system. The samples were separated on an Agilent Zorbax Eclipse Plus C 18 column (250 mm × 4.6 mm, 5 m). The mobile phase consisted of water (A) and acetonitrile (B). A sample volume of 10 L was injected using an auto-injector. The flow rate of the mobile phase was set at 1.0 mL/min. The gradient was performed as follows: mobile phase B increased from 20% to 100% within 30 min, holding for 10 min, and then decreased to 20% to equilibrate the column prior to the next injection. As for the MS analysis, an Agilent 6320 Ion Trap mass spectrometer equipped with an ESI source (Santa Clara, CA, USA) was used. Helium was used as collision gas and nitrogen as the nebulizing gas. The optimized parameters in the positive ion mode for detection were as follows: nebulizer gas pressure of 12.0 psi, dry gas flow rate of 5.0 L/min, electrospray voltage of the ion source of 3000 V and capillary temperature 350°C. Spectra were recorded in the range m/z 100800 and the scan resolution was set at 13000 m/z/s.
